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Description 

The present invention is directed to chemically-modified group B polysaccharides of Neisseria menin- 
gitidis . The invention also provides vaccines in which the respective modified polysaccharides are con- 
5 jugated to a protein carrier. 

BACKGROUND OF THE INVENTION 

Meningitis caused by group B N. meningitidis and E. coli K1 remain major world health problems. 

70 Group B meningitis occurs in both endemic and epidemic situations and accounts for approximately half of 
all recorded cases of meningococcal meningitis, while K1 -positive E. coli are the leading cause of 
meningitis in neonates. Currently there is no vaccine commercially available against disease caused by 
group B meningococci and E. coli K1. This is in large part due to the fact that the group B meningococcal 
polysaccharide (GBMP) is only poorly immunogenic in humans. There are some recently reported 

75 candidate vaccines based on complexes of the GBMP with outer membrane proteins, but, as yet, there is 
no clear evidence of their efficacy in humans. 

Recently, a new concept of a vaccine based on a synthetic chemically modified (N-propionylated) 
group B polysaccharide-protein (N-Pr-G BMP-protein) conjugate has been developed. The vaccine induces 
in mice high titers of IgG antibodies which are not only protective, but also cross-react with unmodified 

20 GBMP (i.e. N-acetyl-GBMP). This concept is described and claimed in U.S. patent No. 4,727,136, issued 
February 23, 1 988 to Harold J. Jennings et al. . ' 

It has been inferred that a vaccine which raises cross-reactive antibodies such as that described in U.S. 
patent 4,727,136 could only be successful at the expense of breaking immune tolerance. This hypothesis is 
legitimized by the identification of a common epitope consisting of a chain of a-(2-8)-linked sialic acid 

25 residues (with a minimum requirement of ten residues) in both the native N-Ac-GBMP and in human and 
animal tissue (Jennings, Contrib. Microbiol. Immunol. Basel, Karger, 1989, Vol. 10, 151-165). These 
polysialosyl chains function as developmental antigens and have for the most part been associated with the 
fetal state in embryonic neural cell adhesion (Finne et al, Biochem. Biophys. Res. Commun. , 1983, 112, 
482). During post-natal maturation, this antigen is down-regulated (Friedlander et al, J. Cell Biol. 1985, 101, 

30 412) but is expressed in mature humans during the regeneration of diseased muscles (Cashman et al, Ann. 
Neuron ., 1987, 21, 481) in tumor cells (Roth et al, Proc. Natl. Acad. Sci. , 1988, 85, 299) and in natural killer 
(NK) and CD3+T cells (Husmann et ai, Eur. J. Immunol. , 1989, 19, 1761. Although the consequences of 
breaking tolerance to these fetal antigens have not yet been established, it is generally conceded that, 
because of this cross-reaction, the N-Pr-G BMP-protein conjugate would be severely scrutinized by licensing 

35 agencies, resulting in considerable expense and delays because of the complex experimentation necessary 
to prove the safety of the vaccine before its approval for commercial marketing. 

It is an object of the present invention to develop a vaccine having immunogenic properties which are 
enhanced as compared to those of the N-Pr-GBMP-protein. It is also an object of the invention to provide a 
vaccine which exhibits substantially reduced cross-reactivity with a human and animal neural cell adhesion 

40 antigen (fetal N-CAM). 

Summary of the Invention 

In one aspect of the present invention, there is provided a modified B polysaccharide of Neisseria 
45 meningitidis having sialic acid residue N-acetyl (C2) groups replaced by a C* - Ob acyl group, wherein the 
modified polysaccharide has an average molecular weight within the range of 1 0,000 to 50,000 Daltons. 

In another aspect, there is provided an antigenic conjugate comprising the N-C^-Cs acyl polysaccharide 
conjugated to an immunologically suitable protein, wherein the modified B polysaccharide of Neisseria 
meningitidis has an average molecular weight within the range of 10,000 to 50,000 Daltons, having 
50 enhanced immuhogenicity with substantially reduced inducement of cross-reactive antibodies. 

In a further aspect, there is provided a vaccine comprising said N-C4-C8 acyl polysaccharide-protein 
conjugate in association with a suitable carrier or diluent. The vaccines of the invention may also comprise 
a therapeutically effective amount of an adjuvant suitabte for human use, for example aluminum phosphate 
or aluminum hydroxide. 

55 In yet another aspect, there is provided a modified E. coli K1 capsular polysaccharide wherein the sialic 
acid residue N-acetyl groups of the native polysaccharide are replaced by a C4-C8 acyl group wherein the 
modified polysaccharide has an average molecular weight within the range of 1 0,000 to 50,000 Daltons. 
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In a yet further aspect, there is provided a gamma globulin fraction capable of passive protection 
against meningitis caused by group B N. meningitidis and E. coli K1, said gamma globulin fraction being 
produced by immunizing a mammal with said vaccine and recovering gamma globulin from said mammal. 
The fraction is produced by immunizing a mammal with a vaccine of the invention. The fraction is then 

5 administered to an individual to provide protection against or to treat on-going infection caused by the 
above organisms. From this, it will be appreciated that the immunogenic vaccine conjugates of the invention 
will provide for a source of therapeutic antiserum in light of their favorable immunogenicity with minimal 
inducement of antibodies cross-reactive with the human and animal neural cell adhesion antigen fetal N- 
CAM. The conjugates of the invention will also be useful for raising monoclonal antibodies and, possibly, 

70 antidiotype antibodies. 

It has been found in our recent experiments that most of the bactericidal and protective antibodies 
induced by the N-Pr-GBMP-protein conjugate described in the above-referred to Jennings et al U.S. patent 
4,727,136 are not associated with the fetal N-CAM cross-reactive antibodies. In fact, most of the protective 
activity is contained in an N-Pr-GBMP-specific antibody population which does not cross-react with fetal N- 

75 CAM. In light of this, it is believed that the N-Pr-GBMP mimics a unique bactericidal epitope on the surface 
of group B meningococci. 

The present invention is based on the discovery that it is possible to synthesize chemically modified 
GBMP's which mimic the bactericidal epitope and which, in their conjugated form, not only exhibit 
enhanced immunogenicity but also avoid substantially the inducement of antibodies that cross-react with 
20 fetal N-CAM. 

In arriving at the present invention, a number of different chemically modified GBMP's have been 
synthesized and conjugated individually to protein, followed by injection of the conjugates into mice and the 
effects compared to those produced by the N-Pr-GBMP protein conjugate. Surprisingly, it has been found 
that the N-C4-C8 acyl GBMP-protein conjugates, for example the n-butanoyl, iso-butanoyl, n-pentanoyl, iso- 
25 pentanoyl, neo-pentanoyl, hexanoyl, heptanoyl, and octanoyl, and especially the N-butanoyl (N-Bu) GBMP- 
protein conjugate, substantially mimic the bactericial epitope with substantially reduced inducement of 
cross-reactive antibodies. 

DETAILED DESCRIPTION OF THE INVENTION 

30 

The group B meningococcal polysaccharide is isolated from N. meningitidis by methods which are 
known in the art. In one such method, group B meningococci (strain 981 B) were grown at 37* C in a 
fermenter using 30 g. of dehydrated Todd Hewitt Broth (Difco Laboratories, Detroit, Michigan) per liter of 
distilled water. Prior to fermenter growth, the lyophilized strain was grown initially in a candle jar st 37 *C. 

35 on 5% (v/v) Sheeps* Blood Agar (Difco Laboratories, Detroit, Michigan) plates. The bacteria were then 
transferred to 1.0 liter of Todd Hewitt Broth (as above) in an Erlenmeyer flask which was shaken at 37 *C 
for 7 hours at 190 r.p.m. This inoculum was then transferred to the fermenter. After fermenter growth (16 
hours) the bacteria were killed by the addition of formalin to a final concentration of 0.75%. The bacteria 
were removed by continuous centrifugation and the group B meningococcal polysaccharide was isolated 

40 from the supernatant and purified essentially as described by Bundle et al, J. Biol. Chem ., 249, 4797-4801 
(1974) except that the protein was extracted by stirring a solution of the crude polysaccharide with cold 
(4*C) 90% phenol instead of hot (50-60 *C). This latter process ensures that a high molecular weight form 
of the GBMP is produced. 

E. coli (018:K1:H7) (NRCC 4283) were grown at 37* C in a fermenter in distilled water containing 
45 dehydrated Brain Heart Infusion (BHI; 37 g/litre) (Difco Laboratories, Detroit, Michigan). Prior to fermenter 
growth, the lyophilized strain was grown on 50 ml of BHI solution (same as above) in an Erlenmeyer flask 
which was shaken at 37 *C for 7 hours at 200 r.p.m. This growth was then transferred to 1.5 litres of BHI (as 
above) and grown under the same conditions as described above for 7 hours. The inoculum was then 
transferred to the fermenter. 

50 The procedures employed in the isolation and purification of the capsular polysaccharide of E. coli K1 
were identical to those described above for the isolation of the group B meningococcal polysaccharide. 

It will be appreciated that the isolation and purification procedures described above are not the only 
ones which may be utilized, and that other published procedures are available, for example those described 
by Watson et al, J. Immunol., 81, 331 (1958) and in the above-mentioned U.S. patent 4,727,136. 

55 The native polysaccharide is N-deacetylated to provide a reactive amine group in the sialic acid residue 
parts of the molecule. The N-deacetylation can be carried out by any known method, for example in a basic 
aqueous medium at elevated temperatures, for example about 90* to 110* C, and at a pH of about 13 to 
14. The basic aqueous medium is suitably an aqueous alkali metal hydroxide solution, for example sodium 
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hydroxide of about 2M concentration. Alternatively, hydrazine in aqueous solution may be used. The degree 
of N-deacetylation may vary from about 30% to 100%, depending on the conditions. It is preferred to 
achieve about 90 to 100% N-deacetylation. N-deacetylated product can be recovered for example by 
cooling, neutralizing, purification if desired, and lyophilization. 
s Prior to the N-deacetylation procedure, the native polysaccharide has an average molecular weight in 
the region of about 500,000 to 800,000 Dartons. As a result of N-deacetylation, fragments of the 
polysaccharide are produced having an average molecular weight ranging from about 10,000 to 50,000 
Daltons. 

The N-deacetylated polysaccharide fragments are then N-acylated to produce the corresponding N- 
w acylated product. The N-acylation may be carried out by dissolving the N-deacetylated polysaccharide in 
an aqueous medium having a pH of about 7.5 to 9.0, followed by adding the appropriate acyl anhydride, 
optionally with an alcohol to increase solubility, and cooling to below 10 *C until the reaction is complete. 
The reaction medium can be purified, if desired, for example by dialysis, and the N-acylated product then 
recovered, typically by lyophilization. The reaction is substantially complete within about 10 to 20 hours. 
75 The degree of N-acylation, as measured by analytical techniques, typically % H nmr, is at least 90%, and 
likely close to 100%. The N-acylation reaction does not result in any significant molecular weight reduction 
of the fragments. 

It is preferred, according to the present invention, to select, for conjugation purposes, the N-acylated 
material having an average molecular weight corresponding Jo about 30 to 200 sialic acid residues. This is 
20 generally achieved by way of gel filtration of the N-acylated GBMP using an Ultragel (trademark) AcA 44 
(Bead diameter 60-140 urn) column, using PBS as eluant. Alternatively, a suitable sizing membrane may be 
employed. 

N-acylated material of average molecular weight of 10,000 to 50,000 DaJtons, for example 10,000 to 

15,000 Daltons, is employed for the invention. This is obtained by collecting the fractions of the eluate of 
25 the column containing N-acylated GBMP material having that average molecular weight range. N-acylated 

material of higher average molecular weight, for example in the region of 30,000 to 40,000 Daltons, has also 

proved to be useful according to the invention. 

The vaccines of the invention are produced by conjugating the N-acylated polysaccharide with an 

immunologically suitable carrier protein. Preferably, the carrier protein itself is an immunogen. Examples of 
30 suitable carrier proteins are tetanus toxoid, diphtheria toxoid, cross-reacting materials (CRMs), preferably 

CRMi97, obtained from Sclavo Ltd., Siena, Italy, and bacterial protein carriers, for example meningococcal 

outer membrane proteins. 

Any mode of conjugation may be employed to conjugate the modified polysaccharide fragments with 

the carrier protein. A preferred method is that described in U.S. patent 4,356,170, i.e. by introducing 
35 terminal aldehyde groups (via oxidation of cis-vicinal hydroxy! groups) into the N-acylated polysaccharide 

and coupling the aldehyde groups to the protein amino groups by reductive amination. The polysaccharide 

and the protein are thereby linked through a -CH 2 -NH-protein linkage. 

It is to be understood, however, that the conjugate vaccines of the invention are not limited to those 

produced via reductive amination. Thus, the vaccines may also be produced by conjugating the N-acylated 
40 polysaccharide with the carrier protein using an adipic dihydrazide spacer, as described by Schneerson, R., 

et al, Preparation, Characterization and Immunogenicity of Haemophilus influenzae type b Polysaccharide- 

Protein Conjugates, J. Exp. Med ., 1952, 361-476 (1980), and in U.S. patent 4,644,059 to Lance K. Gordon. 

Alternatively, there may be used the binary spacer technology developed by Merck, as described by 

Marburg, S., et al, "Biomolecular Chemistry of Macromolecules: Synthesis of Bacterial Polysaccharide 
45 Conjugates with Neisseria meningitidis Membrane Protein", J. Am. Chem. Soc., 108, 5282-5287 (1986) or, 

possibly, the reducing ends methodology, as referred to by Anderson in U.S. patent 4,673,574. 

The resulting N-acylated polysaccharide-protein conjugates do not possess significant cross-linking and 

are soluble in aqueous solutions. This makes the conjugates of the invention good candidates for vaccine 

use. 

50 The resulting N-acylate-dpolysaccharide-protein conjugates of the invention have been tested in in vitro 
tests in mice, and have generally been shown to possess improved immunogenic properties as compared 
with the N-propionylated-polysaccharide. In addition, substantially reduced formation of cross-reactive 
antibodies is observed. In light of this, it is believed that the vaccines of the invention will be useful against 
meningitis caused by group B N. meningitidis or by E. coli K1 organisms. Of particular interest are vaccines 

55 for protecting human infants who are most susceptible to bacterial meningitis. 

The vaccines of the invention are typically formed by dispersing the conjugate in any suitable 
pharmaceutical^ acceptable carrier, such as physiological saline or other injectable liquids. The vaccine is 
administered parenterally, for example subcutaneously, intraperitoneally or intramuscularly. Additives cus- 



4 



EP 0 504 202 B1 



tomary in vaccines may also be present, for example stabilizers such as lactose or sorbitol and adjuvants 
such as aluminum phosphate, hydroxide, or sulphate. . 

A suitable dosage for the vaccine for human infants is generally within the range of about 5 to 25 ug, or 
about 1 to 10 ug per kilogram of body weight. 

5 

EXAMPLES 

The invention is illustrated by the following non-limiting examples. The N-acetyl. N-propionyl, N- 
butanoyl, N-isobutanoyl, N-pentanoyl and N-hexanoyl-GBMP-protein conjugates have been prepared for 
w evaluation purposes, and the results are discussed in the examples. 

Materials and Methods for Preparing Conjugates 

(a) Materials 

15 . 

Propionic, butanoic, isobutanoic, pentanoic, and hexanoic anhydrides together with colominic acid were 
obtained from Sigma Chemicals Co., St. Louis, MO. Because colominic acid is structurally identical to the 
group B meningococcal polysaccharide (GBMP), it is referred to henceforth as GBMP. Tetanus toxoid (TT) 
was obtained from the Institut Armand Frappier, Laval, Quebec, and its monomeric form, used in all the 
20 conjugations, was obtained by passage of the above preparation through a Bio-Gel (trademark) A 0.5 (200- 
400 mesh) column (1.6 x 90 cm) (Bio-Rad, Richmond, CA.), equilibrated and eluted with 0.01 M phosphate 
buffered physiologic saline (PBS) (pH 7.4) 

(b) N-Deacetylation of the GBMP 

25 

The GBMP (Na + salt) (1.0g) was dissolved in 5 ml of 2M NaOH and, following the addition of NaBH* - 
(150 mg), the solution was heated at 110*C for 6 hours in a screw cap Teflon (trademark) container (60 
mL). This procedure is essentially as described in J. Immunol ., 134 , 2651 (1985) and U.S. patent 4,727,136, 
both in the name of Harold J. Jennings, et al. The cooled diluted solution was then exhaustively dialyzed 
30 against distilled water at 4*C, and lyophilized. The fact that N-deacetylated GBMP was obtained was 
determined by the absence of the methylacetamido signal (singlet at delta 2.07) in the ^-nmr spectrum of 
the N-deacetylated GBMP. 

(c) N-Acylations of the GBMP 

35 

N-Deacetylated GBMP (I.Og) was dissolved in 50 mL of 5% aqueous NaHC03. To five individual 
aliquots (10 mL of the above solution) were added either propionic, butanoic, isobutanoic, pentanoic or 
hexanoic anhydrides. These reagents were added in 3 x 0.5 mL aliquots over a 3 hour period of time at 
room temperature while the solution was maintained at pH 8.0 with 0.5N NaOH. Methanol (0.5 mL) was 
40 added simultaneously with each addition of anhydride in order to increase their solubility. Finally the 
solutions were stirred for 16 hours at 4'C, exhaustively dialysed against distilled water at 4*C, arid 
lyophilized. The individual N-propionylated, N-butanoylated, N-isobutanoylated, N-pentanoylated and N- 
hexanoylated GBMP were all obtained in yields in excess of 90%. In each case, essentially complete N- 
acylation was confirmed by the disappearance in the respective T H-nmr spectrum of N-deacetylated GBMP. 

45 

(d) Sizing of the fragments of the different N-acylated GBMP 

Gel filtration, using an Ultragel (trademark) AcA 44 (bead diameter 60-140 urn) column (IBF Biotech- 
nics, Savage, MD.) with PBS as eluant, was employed to obtain the desired average molecular weight N- 

50 acylated GBMP material. Fractions eluting from the column at Ko 0.5 to Kq 0.7 as measured by FLPC (see 
below) were collected, dialyzed, and lyophilized. This range of Ko values corresponds to N-acylated GBMP 
of approximately 30-50 sialic acid residues (10,000 to 15,000 Daltons, typically 12,000 Daltons average 
molecular weight). Fractions in the range of K D 0.2 to 0.4 corresponding to fragments having an average 
molecular weight in the range of 30,000 to 40,000 Daltons have also been collected and conjugated. Thus, 

55 N-acylated material eluting in the Ko range of 0.2 to 0.7 is of particular interest. 
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(e) Polysaccharide Conjugates 

Terminal aldehyde groups were introduced into the N-acylated G BMP by periodate oxidation (see U.S. 
patent no. 4,356,170). The N-acylated GBMP fragments above were oxidized in 0.1 M aqueous NalCU - 

5 (sodium metaperiodate) (10 mL) for 2 hours at room temperature in the dark. Excess periodate was then 
destroyed by the addition of 1 mL of ethylene glycol and the solution was then exhaustively dialyzed at 
4*C, and lyophilized. The use of NaBhU in the N-deacetylation procedure (except for the GBMP) results in 
the transformation of the terminal reducing sialic acid residues of each of the N-acylated GBMP, to open 
chain polyol residues. This type of residue is periodate sensitive (see J. Immunol., 127, 1011 (1981) and 

70 U.S. patent 4,356,170 Harold J. Jennings et al), thereby resulting in the introduction of aldehyde groups into 
the N-acylated GBMP fragments at both termini. 

The oxidized fragments (100 mg) were dissolved in 0.1 M NaHC0 3 (pH 8.1) buffer (2m L) and TT (20 
mg) was added to the solution. Finally, following the addition of sodium cyanoborohydride (NaCNBH3) (40 
mg), the solution was gently stirred at room temperature. The course of the conjugation was followed by 

J5 FPLC using a gel filtration column containing Superose (trademark) 12 HR10/30 (Pharmacia), run isocrac- 
tically at 1 mL/min in PBS buffer at pH 7.2, both the protein and N-acylated GBMP fragments being 
monitored at 214 nm. The fragments had Ko 0.6, TT had Kd 0.39 and the conjugates had Ko 0.23. The 
conjugation was complete when all the TT was expended as determined by the loss of the peak in the 
FPLC chromatogram corresponding to the component at K D 0.39. In most cases, the conjugations were 

20 complete in 2 days but were left for a total reaction time of 4 days. The potential unreacted aldehyde 
groups were finally reduced with sodium borohydride (20 mg) prior to gel filtration. 

The polysaccharide - TT conjugates were separated from the polysaccharide fragments by gel filtration 
using a Bio Gel A column with PBS as eluant. The eluant containing the conjugate was dialyzed against 
distilled water and lyophilized. The N-acylated GBMP - TT conjugates contained from 12-30%, typically 12- 

25 20%, sialic acid as determined by the resorcinol method described by Svennerholm, L, Quantitative 
Estimation of Sialic Acids, II A Colorimetric Resorcinol-Hydrochloric Acid Method, Biochim. Biophys. Acta. 
24, 604 (1957). This indicates that the conjugates had a molar ratio of polysaccharide to TT of 2-3:1 
respectively. 

30 Immunization and Immunoassays 

(a) Immunization Procedures 

Twenty female white CFI mice (8-10 weeks old) were immunized intraperitoneal^ (3 times at 3 week 
intervals) with each individual N-acylated GBMP-TT conjugate in Freunds' complete adjuvant (FCA) 
35 (Difco, Detroit, ML). Each immunization contained sufficient conjugate (10-12 ng) to contain 2 uq of sialic 
acid. Eleven days after the third injection, the mice were exsanguinated. The following tests were done 
on the sera. 

(b) Radioactive antigen binding assay 

This assay was carried out by a modification of the Farr technique using extrinsically [ 3 H)-labeled 
40 GBMP (Jennings H.J., et al, Determinant Specificities of the Groups B and C polysaccharides of 
Neisseria meningitidis , J. Immunol ., 134, 2651 (1985), or [ 3 H]-labeled N-Pr-GBMP (Jennings H. J., et al. 
Unique Intermolecular Bactericidal Epitope involving the Homo-Sialo Polysaccharide Capsule on the Cell 
Surface of Group B Neisseria meningitidis and Escherichia coli K1, J. Immunol ., 142, 3585-3591 (1989). 
The reaction mixture for the radioactive antigen-binding assay was obtained by mixing in Eppendorf 
45 polypropylene micro test tubes 20 uL of pooled antisera, from groups of 20 mice immunized with each 
individual N-acylated GBMP-TT conjugate, diluted to 100 uL with PBS, with pHJ-labeled GBMP and [ 3 H> 
labeled N-Pr-GBMP in 50 uL of PBS. After incubation at 4 *C for 16 hours, 150 u>L of saturated (at 4°C) 
ammonium sulfate (pH 7.0) was added to the tubes and the tubes agitated and left to stand at 4*C for 
30 min. The tubes were centrifuged at 15,000 rpm for 10 min. and two aliquots of 130 uL were drawn 
so from the tubes. The aliquots were mixed with 2 mL of water and a scintillant-containing xylene (ACS 
aqueous scintillant) and the mixtures were counted in a liquid scintillation counter. Results are given in 
Tablet. 



55 
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Table 1 



Binding of [ 3 H] - labeled - N-Ac-GBMP to different mouse anti- N - acyl - GBMP-TT conjugate sera. 


Antiserum 


% Binding 3 


1 


2 


3 


4 


N-Pr-GBMP-TT 


41 


40 


39 


12 


N-Bu-GBMP-TT 


4 


4 


7 


4 


N-lsoBu-GBMP-TT 


9 








N-Pen-GBMP-TT 


36 








N-Hex-GBMP-TT 


16 



















a The four binding experiments were carried out on pooled antisera from 20 immunized mice. 
Abbreviations used in Table 1 and other tables: 

N-Ac-, N-Pr, N-Bu N-lsoBu, N-Pen, N-Hexstand for N-Acetyl, N-Propionyl-, N-Butanoyl- f N-lsobutanoyl-, 
N-PentanoyI- and N-Hexanoyl-. 



The numerals 1, 2, 3 and 4 are results of four repeat experiments. Table 1 demonstrates 
20 conclusively that the N-Ac-G BMP (which carries the same epitope as fetal N-CAM) binds less to the 
antiserum induced by the N-Bu-GBMP, N-lsoBu-GBMP, N-Pen-GBMP and N-Hex-GBMP than that 
induced by the N-Pr-GBMP. From this, it can be deduced from Table 1 that the N-Bu-, N-lsoBu, N-Pen- 
and N-Hex-polysaccharide-conjugates raise less cross-reactive antibodies than the N-Pr-conjugate. 
(c) Quantitative precipitin analyses 
25 These experiments were carried out by the method of Kabat and Mayer, Experimental Im- 

munochemistry Charles C. Thomas, Springfield, p.22 (1961). Aliquots (100 uL) of anti-N-acyl GBMP-TT 
sera (diluted . 5 fotd in PBS) were reacted in tubes with increasing concentrations of the N-acetyl 
'(colominic acid), N-propionyl, N-butanoyl, N-isobutanoyl, N-pentanoyl and N-hexanoyl GBMP in a total 
volume of 200 uL (adjusted with PBS). The higher molecular weight fractions of these derivatives were 
30 used in these experiments and they were obtained from the eluate of the Ultragel AcA 44 column (K D 0.4 
as measured by FPLC) previously used to size the fragments of the N-acylated GBMP. The tubes were 
incubated at 4* C for 4 days with daily mixing, centrifuged, and the quantity of antibody protein was 
determined by the method of Lowry et al, Protein Measurement with the Folin phenol reagent, J. Biol. 
Chem., 1933, 265 (1951). The results are given in Table 2. 

35 

Table 2 



Precipitation 0 of mouse anti-N-acyl-GBMP-TT sera using different N-acyl GBMP as precipitating antigens. 


Antiserum 


N-acyl-GBMP antigen 


N-acetyl 


N-propionyl 


N-butanoyl 


N-pentanoyl 


N-hexanoyl 


N-Pr-GBMP-TT 


0.16 


0.40 


0.20 


0.15 


0.15 


N-Bu-GBMP-TT 


0.04 


1.15 


2.60 


3.20 


1.90 


N-Pen-GBMP-TT 


0.13 


0.38 


0.44 


6.35 


3.55 


N-Hex-GBMP-TT 


0.02 


0.08 


0.80 


4.15 


4.40 . 



a Maximum amount of antibody precipitated expressed in mg/mL of antiserum 



so As regards cross-reactivity, the first column of Table 2 indicates that very little cross-reactive 

antibodies are produced by the N-Bu and N-Hex conjugates as compared to the N-Pr conjugate. It can 
also be seen that the N-Pen conjugate produces less cross-reactive antibodies than the N-Pr conjugate. 

With reference to immunogenicity, in terms of homologous response, it can be seen from Table 2 
that the N-Bu-(2.60), N-Pen- (6.35) and N-Hex- (4.40) GBMP-TT conjugates are more immunogenic than 

55 the N-Pr-GBMP analog (0.40). 
(d)ELISA 

The wells of EIA microtitration plates (Row Labs, Mississauga, Ontario, Canada) were coated with a 
10 ug/mL solution of either GBMP-, NPrGBMP- or NBu-GBMP-BSA conjugates in PBS (100 uUwell). 
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The plates were left for 18 hours at 4 # C and after coating they were washed with 1% bovine serum 
albumin in PBS for 10 min. at room temperature (blocking step). The wells were then filled with 100 ul 
of serial 10-fold dilutions in PBS of anti-mouse-N-acyl GBMP-TT conjugate sera and the plates were 
incubated for 1 hour at room temperature. After washing with SBT the plates were incubated for 1 hour 

5 at room temperature with 50 uL of the appropriate dilution of goat antimouse immunoglobulin peroxidase 
labeled conjugates (Kirkegard and Perry Laboratories), then the contents of the wells were aspirated and 
the plates washed five times with SBT. Finally 50 uL of Tetramethylene blue-peroxidase substrate 
(TMB) (Kirkegard and Perry Laboratories) were added to each well and after 10 min the absorbance at 
450 nm was measured with a Multiscan spectrophotometer (Row Laboratories, Mississauga, Ont.) 

70 Results are given in Table 3. 

Table 3 



ELISA titrations of pooled mouse anti-N-acyl-GBMP-TT conjugate serum against N-acyl-GBMP-BSA 

conjugates. 


Coating Antigen 


Titers 8 of Antisera 


a. N-Pr-GBMP b 


a. N-Bu-GBMP b 


a. N-lsobu-GBMP b 


N-Ac-GBMP-BSA 


7800 


1000 


7000 


N-Pr-GBMP-BSA 


40000 


-39000 


9800 


N-Bu-GBMP-BSA 


26000 


52000 


9700 


N-lsoBu-GSMP-BSA 






25000 



a titer (GM) = reciprocal of dilution at 50% of the maximum absorbance at 450 nm. 
b N-acyl specific antisera induced in mice by homologous N-acyl-GBMP-TT conjugates. 



. With reference to cross-reactivity, it can be seen from Table 3 that the N-Bu-GBMP-TT conjugate 
raises less cross-reactive antibodies with respect to N-Ac-GBMP (1000) than does the N-Pr-GBMP-TT 

30 conjugate (7800). The reason for this is that the GBMP binds less to antibody induced by the N-Pr- 
GBMP-TT conjugate than that induced by the N-Bu-GBMP-TT conjugate. Similar comments apply with 
respect to the N-lsoBut-GBMP-TT conjugate. 

As regards immunogenicity, the N-Bu conjugate is more immunogenic than the N-Pr analogue, as 
shown by the homologous binding titers of 52,000 (N-Bu) and 40,000 (N-Pr). 

35 (e) Radioactive binding inhibition assay Increasing concentration of the larger molecular sized N-acyl 
GBMP inhibitor in PBS (80 uL) were added to 20 uL of mouse anti-N- Pr-G BMP-TT conjugate antiserum, 
an amount sufficient to bind 50% of the (^labeled N-Pr-GBMP in the absence of inhibitor. The tubes 
were incubated for 1 hour at 37 *C and 50 uL of (^labeled N-Pr-GBMP in PBS was added. After 
gentle mixing the tubes were incubated at 4* C for 16 hours and the assays were performed exactly as 

40 described previously for the radioactive antigen binding assay. The % inhibition was calculated using the 
following formula: 

percent inhibition = 100 x [(cpm with inhibitor minus cpm without inhibitor)/(cpm without antibody minus 
cpm without inhibitor)]. 

45 

Results are given in Table 4. 



50 



55 
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Table 4 



Inhibition of binding of [ 3 H] - labeled N-Pr-GBMP to mouse anti-N-Pr-GBMP-TT conjugate induced lgG 2ai 




lgG 2 b (A) a and IgGi (B) a antibodies. 


lnhibitor b 


A 


B 


N-Ac-GBMP 


>50.0 


>50.0 


N-Pr-GBMP 


0.6 


0.3 


N-Bu-GBMP 


0.3 


0.2 


. N-lsoBu-GBMP 


>50.0 




N-Pen-GBMP 


2.3 


2.5 


N-Hex-GBMP 


10.2 


10.0 









a These were fractions of mouse polyclonal anti-N-Pr-GBMP«TT, serum, described in Jennings et 
75 al. J. Immunol. , 1 42, 3585-3591 (1 989). 

b Micrograms of inhibitor to give 50% inhibition. 



Bactericidal assays These assays were carried out by the method described by Jennings et al, J. Exp. 
Med. , 165, 1207-1211 (1987). 

Neisseria meningitidis strain B (M 986) was used in these assays. Results are given in Table 5. 

Table 5 



Binding of [ 3 H] - labeled - N-Pr - GBMP to different mouse anti 


- N-acyl - GBMP-TT 


conjugate sera and the bactericidal titers of the respective antisera. 


Antiserum 


UL of antiserum 3 


Bactericidal Titer b 


N-Pr-GBMP-TT 


13 


128 


N-Bu-GBMP-TT 


10 


64 


N-lsoBu-GBMP-TT 


ND 


64 


N-Pen-GBMP-TT 


24 


64 


N-Hex-GBMP-TT 


>100 


8 


N-Ac-GBMP-TT 


>too 


8 









a uL of antiserum (diluted 5 fold with PBS) required for 50% binding. 

b Dilution experiment: one dilution difference, e.g. 128 as compared to 64, is within 

experimental error. 



40 Table 4 illustrates that N-Bu-GBMP is as good an inhibitor as the N-Pr-GBMP for the binding of the 
latter to its own homologous antibodies. Therefore, the use of N-Bu-GBMP in place of N-Pr-GBMP does not 
result in any significant loss of properties exhibited by N-Pr-GBMP. Table 5 demonstrates that the N-Bu- 
GBMP binds as well as the N-Pr-GBMP to antibodies induced by the N-Pr-GBMP-TT conjugate. Antisera 
induced by both the N-Bu-GBMP-TT and N-Pr-GBMP-TT conjugates gave similar bactericidal titers. This 

45 evidence indicates the equivalence of the N-Bu-, N-lsoBu- and N-Pen-GBMP to the N-Pr-GBMP in their 
ability to mimic the bactericidal epitope on the surface of the group B meningococci. 

Claims 

so 1. A modified group B polysaccharide of Neisseria meningitidis wherein the sialic acid residue N-acetyl 
groups of the native polysaccharide are replaced by C4-Cs-acyI groups, wherein the modified polysac- 
charide has an average molecular weight within the range of 10,000 to 50,000 Daltons. 

2. A modified E. coli K1 capsular polysaccharide wherein the sialic acid residue N-acetyl groups of the 
55 native polysaccharide are replaced by a (VCg-acyl group, wherein the modified polysaccharide has an 
average molecular weight within the range of 10,000 to 50,000 Daltons. 
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3. A modified polysaccharide according to claim 1, wherein the C4-Cs-acyl group is selected from the 
group consisting of n-butanoyl, iso-butanoyl, n-pentanoyl, iso-pentanoyl, neo-pentanoyl, hexanoyl, 
heptanoyl and octanoyl. 

5 4. A modified polysaccharide according to claim 3, wherein the acyl group is selected from the group 
consisting of n-butanoyl, iso-butanoyl, n-pentanoyl and hexanoyl. 

5. A modified polysaccharide according to claim 2, wherein the CU-Ca-acyl group is selected from the 
group consisting of n-butanoyl, iso-butanoyl, n-pentanoyl, iso-pentanoyl, neo-pentanoyl, hexanoyl, 

w heptanoyl and octanoyl. 

6. A modified polysaccharide according to claim 5, wherein the acyl group is selected from the group 
consisting of n-butanoyl, iso-butanoyl, n-pentanoyl and hexanoyl. 

75 7. The polysaccharide according to claim 1 wherein about 27% to 100% of the sialic acid residue N- 
acetyl groups have been replaced by C4-C8-acyl groups. 

8. The polysaccharide according to claim 2 wherein about 27% to 100% of the sialic acid residue N- 
acetyl groups have been replaced by C+-Cs-acyl groups. 

20 

9. An antigenic conjugate comprising a modified group B polysaccharide of Neisseria meningitidis having 
sialic acid residue N-acetyl group replaced by a N-CVCs-acyl group conjugated to an immunologically- 
suitable protein, wherein the modified polysacharide has an average molecular weight within the range 
of 10,000 to 50,000 Daltons. 

25 

10. A conjugate according to claim 9, wherein the acyl group is selected from the group consisting of n- 
butanoyl, iso-butanoyl, n-pentanoyl, iso-pentanoyl, neo-pentanoyl, hexanoyl, heptanoyl and octanoyl. 

11. A conjugate according to claim 10, wherein the acyl group is selected from the group consisting of n- 
30 butanoyl, iso-butanoyl, n-pentanoyl and hexanoyl. 

12. A conjugate according to claim 9, wherein the protein is elected from the group consisting of tetanus 
toxoid, diphtheria toxoid, a cross-reacting material (CRM) and a bacterial protein carrier. 

35 13. A conjugate according to claim 9, wherein the protein and the polysaccharide are covalently linked 
through a -Chb-NH-protein linkage. 

14. The conjugate according to claim 12, wherein the CRM is CRM197. 

40 15. A vaccine comprising a conjugate of claim 9 and an pharmaceutical^ acceptable injectable carrier. 

16. A vaccine according to claim 15, and further comprising an physiologically acceptable adjuvant. 

17. A vaccine according to claim 16, wherein said adjuvant is selected from the group consisting of 
45 aluminum hydroxide, aluminum phosphate and aluminum sulphate. 

18. A gamma globulin fraction capable of passive protection against meningitis caused by group B N. 
meningitidis and E. coli Kl, said gamma globulin fraction being produced by immunizing a mammal 
with a vaccine as claimed in Claim 17, and recovering gamma globulin from said mammal. 

50 

19. The modified polysaccharide according to claim 1 wherein about 90% to 100% of the sialic acid 
residue N-acetyl groups are replaced by C4 - Cs acyl groups. 

20. The polysaccharide according to claim 2 wherin about 90% to about 100% of the sialic acid residue N- 
55 acetyl groups are replaced by C* - Cs acyl groups. 
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Patentanspruche 

1. Modifiziertes Polysaccharid der Gruppe B von Neisseria meningitidis, worin die N«Acety!gruppen des 
Sialinsaurerestes des nativen Polysaccharids durch C^-Cs-Acylgruppen ersetzt sind, wobei das modifi- 
zierte Polysaccharid ein durchschnittliches Molekulargewicht im Bereich von 10 000 bis 50 000 Dalton 
hat. 

2. Modifiziertes Eco//-K1-Kapselpolysaccharid, worin die N-Acetylgruppen des Sialinsaurerestes des 
nativen Polysaccharids durch eine C4-C8 -Acylgruppe ersetzt sind, wobei das modifizierte Polysaccharid 
ein durchschnittliches Molekulargewicht Im Bereich von 10 000 bis 50 000 Dalton hat. 

3. Modifiziertes Polysaccharid nach Anspruch 1, wobei die C4-C8 -Acylgruppe aus der aus n-Butanoyl, iso- 
Butanoyl, n-Pentanoyl, iso-Pentanoyl, neo-Pentanoyl, Hexanoyl, Heptanoyl und Octanoyl bestehenden 
Gruppe gewahlt ist. 

4. Modifiziertes Polysaccharid nach Anspruch 3, wobei die Acylgruppe aus der aus n-Butanoyl, iso- 
Butanoyl, n-Pentanoyl und Hexanoyl bestehenden Gruppe gewahlt ist. 

5. Modifiziertes Polysaccharid nach Anspruch 2, wobei die C^-Cs -Acylgruppe aus der aus n-Butanoyl, iso- 
Butanoyl, n-Pentanoyl, iso-Pentanoyl, neo-Pentanoyl, Hexanoyl, Heptanoyl und Octanoyl bestehenden 
Gruppe gewahlt ist. 

6. Modifiziertes Polysaccharid nach Anspruch 5, wobei die aus der aus n-Butanoyl, iso-Butanoyl, n- 
Pentanoyl und Hexanoyl bestehenden Gruppe gewahlt ist. 

7. Polysaccharid nach Anspruch 1, worin etwa 27 % bis 100 % der N-Acetylgruppen des Sialinsaurere- 
stes durch Ca-Cb -Acylgruppe ersetzt sind. 

8. Polysaccharid nach Anspruch 2, worin etwa 27 % bis 100 % der N-Acetylgruppen des Sialinsaurere- 
stes durch Ci-Cs -Acylgruppe ersetzt sind. 

9. Antigenes Konjugat, umfassend ein modifiziertes Polysaccharid der Gruppe B von Neisseria meningi- 
tidis, bei dem die N-Acetylgruppen des Sialinsaurerestes durch eine N-C4-C8 -Acylgruppe ersetzt ist, 
konjugiert mit einem immunologisch geeignetem Protein, wobei das modifizierte Polysaccharid ein 
durchschnittliches Molekulargewicht im Bereich von 10 000 bis 50 000 Dalton besitzt. 

10. Konjugat nach Anspruch 9, wobei die Acylgruppe aus der aus n-Butanoyl, iso-Butanoyl, n-Pentanoyl, 
iso-Pentanoyl, neo-Pentanoyl, Hexanoyl, Heptanoyl und Octanoyl bestehenden Gruppe gewahlt ist. 

11. Konjugat nach Anspruch 10, wobei die Acylgruppe aus der aus n-Butanoyl, iso-Butanoyl n-Pentanoyl, 
und Hexanoyl bestehenden Gruppe gewahlt ist. 

12. Konjugat nach Anspruch 9, wobei das Protein aus der aus Tetanus-Toxoid, Diphterie-Toxoid, einem 
kreuzreagierenden Material (CRM) und einem bakteriellen Proteintrager bestehenden Gruppe gewahlt 
ist. 

13. Konjugat nach Anspruch 9, wobei das Protein und das Polysaccharid durch eine -CrVNH-Proteinbin- 
dung kovalent verknupft sind. 

14. Konjugat nach Anspruch 12, bei dem das CRM CRM197 ist. 

15. Impfstoff, der ein Konjugat nach Anspruch 9 und einen pharmazeutisch annehmbaren injizierbaren 
Trager umfaBt 

16. Impfstoff nach Anspruch 15, der ferner ein physiologisch annehmbares Adjuvans umfaBt. 

17. Impfstoff nach Anspruch 16, bei dem das Adjuvans aus der aus Aluminium hydroxid, Aluminiumphos- 
phat und Aluminiumsulfat bestehenden Gruppe gewahlt wird. 
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18. Gamma-Globulinfraktion, die zum passiven Schutz gegen durch N. meningitidis der Gruppe B und 
E.coli K1 verursachte Meningitis in der Lage ist, wobei die gamma-Globulinfraktion hergestellt wird, 
indem ein Saugetier mit einem Impfstoff nach Anspruch 17 immunisiert und das gamma-Globulin aus 
dem Saugetier gewonnen wird. 

19. Modifiziertes Polysaccharid nach Anspruch 1, worin etwa 90 % bis 100 % der N-Acetylgruppen des 
Sialinsaurerestes durch C 4 -C8-Acylgruppe ersetzt sind. 

20. Polysaccharid nach Anspruch 2, worin etwa 90 % bis etwa 100 % der N-Acetylgruppen des 
Sialinsaurerestes durch C4-Cs-Acylgruppe ersetzt sind. 

Revendications 

1. Polysaccharide de Neisseria meningitidis du groupe B, modifie, dans lequel les groupements N- 
acetyles des residus d'acide sialique du polysaccharide natif sont remplac6s par des groupements 
acyles en C*-Cs, dans lequel le polysaccharide modifie possede une masse mol£culaire moyenne 
comprise dans la gamme allant de 10 000 a 50 000 Daltons. 

2. Polysaccharide capsulaire de E. coli K1 , modifie, dans lequel les groupements N-acetyles des residus 
d'acide sialique du polysaccharide natif sont remplaces par un groupement acyle en Ca-Cs, dans 
lequel le polysaccharide modifie possede une masse moleculaire moyenne comprise dans la gamme 
allant de 10 000 a 50 000 Daltons. 

3. Polysaccharide modifie* selon la revendication 1, dans lequel le groupement acyle en CU-Cs est choisi 
dans le groupe constitue par le n-butanoyle. I'isobutanoyle, le nrpentanoyle, I'isopentanoyle, le 
n^opentanoyle, I'hexanoyle, I'heptanoyle et I'octanoyle. 

4. Polysaccharide modifie selon la revendication 3, dans lequel le groupement acyle est choisi dans le 
groupe constitue* par le n-butanoyle, I'isobutanoyle, le n-pentanoyle, et I'hexanoyle. 

5. Polysaccharide modifie* selon la revendication 2, dans lequel le groupement acyle en C*-Cs est choisi 
dans le groupe constitue* par le n-butanoyle, I'isobutanoyle, le n-pentanoyle, I'isopentanoyle, le 
neopentanoyle, I'hexanoyle, I'heptanoyle et I'octanoyle. 

6. Polysaccharide modifie* selon la revendication 5, dans lequel le groupement acyle est choisi dans le 
groupe constitue* par le n-butanoyle, I'isobutanoyle, le n-pentanoyle, et I'hexanoyle. 

7. Polysaccharide selon la revendication 1, dans lequel environ 27% a 100% des groupements N-ac^tyles 
des residus d'acide sialique ont ete* remplaces par des groupements acyles en C4-C8. 

8. Polysaccharide selon la revendication 2, dans lequel environ 27% a 100% des groupements N-acetyles 
des residus d'acide sialique ont 6te remplaces par des groupements acyles en C4-C8- 

9. Conjugue* antigenique comprenant un polysaccharide de Neisseria meningitidis du groupe B, modifie\ 
ayant un groupement N-ac6tyle de rSsidu d'acide sialique, remplace* par un groupement N-acyle en 
C4-C8, conjuguS a une proteine immunologiquement convenable, dans lequel le polysaccharide modifie* 
possede une masse moleculaire moyenne comprise dans la gamme allant de 10 000 a 50 000 Daltons. 

10. Conjugue* selon la revendication 9, dans lequel le groupement acyle est choisi dans le groupe constitue* 
par le n-butanoyle, Pisobutanoyle, le n-pentanoyle, I'isopentanoyle, le neopentanoyle, I'hexanoyle, 
I'heptanoyle et I'octanoyle. 

11. Conjugue selon la revendication 10, dans lequel le groupement acyle est choisi dans le groupe 
constitu§ par le n-butanoyle, I'isobutanoyle, le n-pentanoyle, et I'hexanoyle. 

12. Conjugue selon la revendication 9, dans lequel la proline est choisie dans le groupe constitue par la 
toxoTde t§tanique, fa toxoTde diphterique, une matiere a reaction croisee (CRM) et un porteur prot£ique 
d'origine bact£rienne. 
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13. Conjugue selon la revendication 9, dans lequel la proteine et le polysaccharide sont lies de maniere 
covalente par I'intermediaire d'urte liaison -CKfe-NH-proteine. 

14. Conjugue selon la revendication 12, dans lequel la CRM est la CRM197. 

5 

15. Vaccin comprenant un conjugue selon la revendication 9 et un vehicule injectable pharmaceutiquement 
acceptable. 

16. Vaccin selon la revendication 15, et comprenant en outre un adjuvant physiologiquement acceptable. 

70 

17. Vaccin selon la revendication 16, dans lequel ledit adjuvant est choisi dans le groupe constitue par 
Thydroxyde d'aluminium, le phosphate d'aluminium et le sulfate d'aluminium. 

18. Fraction de gammaglobuline procurant une protection passive contre la meningite causee par le N. 
75 meningitidis du groupe a et E. coli Kl, ladite fraction gammaglobuline etant produite en immunisant un 

mammifere avec un vaccin tel que revendique a la revendication 17, et en recuperant la gammaglobuli- 
ne dudit mammifere. 

19. Polysaccharide modifie* selon la revendication 1, dans lequel environ 90% a 100% des groupements N- 
20 ac^tyles des r6sidus d'acide sialique sont remplaces par des groupements acyles en C*-Cs. 

20. Polysaccharide selon la revendication 2, dans lequel environ 90% a environ 100% des groupements N- 
acetyles des rSsidus d'acide sialique sont remplaces par des groupements acyles en C+-Cs. 

25 



30 



35 



40 



45 



50 



55 



13 



